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CHEWING GUM HAVING IMPROVED RELEASE OF CHEWING GUM 
INGREDIENTS 

5 Field of the invention 

The present invention relates to a chewing gum having an inq)roved release of 
chewing gum ingredients. 

10 Bacl^roand of the invention 

A lot of research and efforts have been put into improvement of chewing gum for the 
purpose of obtaining an improved release of chewing gum ingredients. 

15 Chewing gum ingredients may for example comprise bulk sweeteners, high intensity 
sweeteners, flavoring agents, softeners, emulsifiers, coloring agents, binding agents, 
acidulants, fillers, antioxidants and other components such as pharmaceutically or 
biologically active substances, conferring desired properties to the finished chewing 
gum product 

20 

A relatively important chewmg gum mgredient is for example the flavor agents, 
which, even though applied in relatively small amount, are relatively expensive and 
form a significant part of tiie manufacturing costs. 

25 Typically, if a significant initial release is desired, different approaches are applied. 
One of those may for example be to compress a mixture of chewing gum ingredients 
and chewing gum base granulates mto a final tablet The conq)ressed tablet features a 
quite impressive initial release due to the fact that conventional mixing is avoided. 

30 One reason to avoid Ihe conventional mixing of chewing gum contrary to 

compression is that the chewing gum ingredients are quite vulnerable to pressure and 
high temperatures typically applied during the mbung. 
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A significant disadvantage of compressed chewing gum is however typically that the 
initial texture lacks for instance softness when compared to that of conventionally 
mixed chewing gum. This is due to the relatively fragile structure of conopressed 
5 chewing gum 

It is the object of the invention to provide a chewing gum having an improved initial 
release of chewing gum ingredients in combination with an acceptable initial texture. 

10 Sammary of the invention 

The invention relates to chewing gum comprising 

at least one biodegradable polyester copolymer obtained by the polymCTization of 
15 two or more cyclic esters by ring-opening, said at least one biodegradable polyester 
copolymer having a molecular weight of less than 150000 g/mol and said chewing 
gum further comprising chewing gum ingredients. 

According to the invention, an improved release of chewing girni ingredients has 
20 been obtained when a texture acceptable biodegradable polyester copolymer is 
applied as a chewing gum polymer. 

It has moreover been demonstrated that the release of ingredients may be adjusted by 
variation of the molecular weight of the applied biodegradable polymer or polymers. 
25 Moreover, it has also been established, that adding of polymers having a certain 
predetermined ingredient release profile may in fact modify the final complete 
chewing gum release profile. 

More particularly, according to the invention, an improved initial release has been 
30 obtained with respect to chewing gum ingredients. 
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Active ingredients includes according to the tenns of the invention among others 
flavor ingredients and for exan^le medical active ingredients. 

According to the invention it has bem realized that flavor release of especially water 
5 soluble flavors may be significantly improved or modified when applying degradable 
polymers. 

According to the invention, it has been realized that low molecular weight 
biodegradable polymers, that is a molecuhir weight of less than ISOOOO g/mol in this 
10 context, prefembly less than 12S000 g/mol Mn, &cilitate an increased initial release. 

Moreover, according to the invention, it has been realized, that the improved initial 
release is increased with lower molecular weight 

15 According to the invention, an iuCTeased initial release is obtained in combination 
with an improved initial softness. 

According to the invention, it has, most surprisingly, been found that both water 
soluble and water insoluble chewing gum ingredients features an improved initial 
20 release. 

In an embodiment of the invention the at least one biodegradable polyester 
copolymer having a molecular weight of less than 150000 g/mol results in an 
improved initial release in the resulting chewing gum. 

25 

In an embodiment of the invention, said at least one biodegradable polymer has a 
molecxilar weight of less than 125000 g/moL 

In an embodiment of the invention said at least one biodegradable polyester 
30 copolymer having a molecular weight of less than 10000 g/mol. 
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In an embodiment of the invention said at least one biodegradable polyester 
copolymer has a molecular weight of less than 6000 g/mol Mn. 

In an embodiment of the invention said chewing gum comprises at least two different 
5 biodegradable polyester copolymers. 

According to the invention, it has been obtained that a resulting release profile may 
in fact be obtained by combination of different biodegradable polymers having 
different release profiles. 

10 

In an embodiment of the invention said chewing gum ingredients comprise flavoring 
agents. 

In an embodiment of the invention said flavoring agents conq)rise natural and 
1 5 synthetic flavourings in the form of natural vegetable conq)onents, essential oils, 

essences, extracts, powders, including acids and other substances capable of affecting 
ttie taste profile 

In an embodiment of the mvention said chewing gum comprises flavor in an amount 
20 of 0.01 to about 30 wt %, said percentage being based on the total weight of the 
chewing gum 

In an embodiment of the invention said chewing gum comprises flavor in an amount 
of 0.2 to about 4 wt %, said percentage being based on the total weight of the 
25 chewing gum. 

In an embodiment of the invention said flavor comprises water soluble ingredients. 
In an embodiment of the invention said water soluble flavor comprises acids. 

30 

In an embodiment of the invention said flavor comprises water insoluble ingredients. 
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In an embodiment of the invention, said chewing gum ingredients conqmses 
sweeteners. 

In an embodiment of tiie invention said sweetener comprises bulk sweeteners 

5 

In an embodiment of the invention the chewing gum comprises bulk sweeteners in an 
amount of about 5 to about 95% by weight of flie chewing gum, more typically about 
20 to about 80% by weight of the chewing gum. 

10 In an embodiment of the invention the sweetener comprises high intensity 
sweeteners. 

In an embodiment of the invention Ihe high intensity sweeteners comprise sucralose, 
aspartame, salts of acesul&me, aUtame, saccharin and its salts, cyclamic acid and its 
15 salts, glycyrrhizin, dihydrochalcones, thaumatin, monellin, sterioside, alone or in 
combination. 

In an embodiment of the invention wherein the chewing gum comprises high 
intensity sweeteners in an amount of about 0 to about 1% by weight of the chewing 
20 gum, more typically about 0.05 to about 0.5 % by weight of the chewing gum. 

In an embodiment of the invention, the chewing gum comprises at least one softener. 

In an embodiment of the invention, the at least one softener comprises tallow, 
25 hydrogenated tallow, hydrogenated and partially hydrogenated vegetable oils, cocoa 
butter, glycerol monostearate, glycerol triacetate, lecithin, mono-, di- and 
triglycerides, acetylated monoglycerides, fatty acids - such as stearic, palmitic, oleic 
and linoleic acids mixtures thereof. 

30 In an embodiment of the invention the chewing gum con^rises softeners in an 

amount of about 0 to about 18% by weight of the chewing gum, more typically about 
0 to about 12 % by wei^t of the chewing gum. 
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In an embodiment of the invention, the chewing gum ingredients comprise active 
ingredients. 

5 In an embodiment of the invention, said active ingredients are selected from the 
group of: Acetaminophen, Acetylsalicylsyre Buprenorphine Bromhexin Celcoxib 
Codeine, Diphenhydramin, Diclofenac, Etoricoxib, Ibuprofen, Indometacin, 
Ketoprofen, Lumiracoxib, Morphine, Naproxen, Oxycodon, Parecoxib, Piroxicam, 
Pseudoefedrin, Rofecoxib, Tenoxicam, Tramadol, Valdecoxib, Calciumcarbonat, 

10 Magaldrate, Disulfiram, Bt^ropion^ Nicotine, Azithromycin, Clarithromycin, 
Clotrimazole, Erythromycin, Tetracycline, Ghmdsetron, Ondansetron, Prometazin, 
Tropisetron, Brompheniramine, Ceterizm, leco-Ceterizin, Chlorcyclizine, 
Chloipheniramin, Chlorpheniramin, Difenhydramine, Doxylamme, Fenofenadin, 
Guaifenesm, Loratidin, des-Loratidin, Phenyltoloxamine, Promefhazin, Pyridamme, 

15 Terfenadin, Troxerutin, Methyldopa, Mefhylphenidate, Benzalcon, Chloride, 
Benzeth. Chloride, Cetylpyrid. Chloride, Chlorhexidine, Ecabet-sodium, 
Haloperidol, Allopurinol, Colchinine, Theophylline, Propanolol, Prednisolone, 
Prednisone, Fluoride, Urea, Miconazole, Actot, Glibenclamide, Glipizide, 
Metformin, MigUtol, Repaglinide, Rosiglitazone, Apomorfin, Cialis, Sildenafil, 

20 Vardenafil, Diphenoxylate, Simethicone, Cimetidine, Famotidine, Ranitidine, 

Ratinidine, cetrizin, Loratadine, Aspnin, Benzocaine, Dextrometorphan, Ephedrine, 
Phenylpropanolamine, Pseudoephedrine, Cisapride, Domperidone, Metoclopramide, 
Acyclovu:, Dioctylsulfosucc, Phenolphtalein, Almotriptan, Eletriptan, Ergotamine, 
Migea, Naratriptan, Rizatriptan, Sumatriptan, Zolmitriptan, Aluminium salts, 

25 Calcium salts, Ferro salts, Silver salts, Zinc-salte, Amphotericin B, Chlorhexidine, 
Miconazole, Triamcinolonacetonid, Melatonine, Phenobarbitol, Caffeine, 
Benzodiazepiner, Hydroxyzine, Mq)robamate, Phenothiazine, Buclizine, 
Brometazine, Cinnarizine, Cyclizine, Difenhydramine, Dimenhydrinate, Buflomedil, 
Amphetamine, Caffeine, Ephedrine, Orlistat, Phenylephedrine, Phenylpropanolamin, 

30 Pseudoephedrine, Sibutramin, Ketoconazole, Nitroglycerin, Nystatin, Progesterone, 
Testosterone, Vitamin B 12, Vitamin C, Vitamin A, Vitamin D, Vitamin E, 
Pilocarpin, Aluminiumaminoacetat, Cimetidine, Esomeprazole, Famotidine, 
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Lansoprazole, Magaesiumoxide, Nizatide and/or Ratmidine or derivates and 
mixtures thereof. 



In an embodiment of the invention, the chewing gum is substantially free of non- 
S biodegradable polymers 

In an embodiment of flie invention the at least two or more cyclic esters are selected 
from the groups of glycolides, lactides, lactones, cyclic carbonates or mixtures 
thereof. 

10 

In an embodiment of the invention the lactone monomers are chosm from the groixp 
of 8-caprolactone, 5-valerolactone, y-butyrolactone, and p-propiolactone. It also 
includes e-caprolactones, 8-valerolactones, y-butyrolactones, or p-propiolactones that 
have been substituted with one or more alkyl or aryl substituents at any non-carbonyl 
15 carbon atoms along the ring, including compounds in which two substituents are 
contained on tiie same carbon atom and mixtures thereof. 



In an embodiment of the invention the carbonate monomer is selected from the group 
of trimethylene carbonate, 5-alkyl-l,3-dioxan-2-one, 5,5-dialkyH,3-dioxan-2-one, 
20 or 5-alkyl-5-alkyloxycarbonyH ,3-dioxan-2-one, ethylene carbonate, 3-ethyl-3- 
hydroxymethyl, propylene carbonate, trimethylolpropane monocarbonate, 4, 
6dimethyl-l, 3-propylene carbonate, 2, 2-dimethyl trimethylene carbonate, and 1, 3- 
dioxepan-2-one and mixtures thereof. 



25 Jn an embodiment of the invention the cyclic ester polymers and their copolymers 
resulting from tiie polymerization of cyclic ester monomers include, but are not 
limited to : poly (L-lactide) ; poly P-lactide) ; poly (D, L-lactide) ; poly 
(mesolactide) ; poly (glycolide) ; poly (trimethylenecarbonate) ; poly (epsilon- 
caprolactone) ; poly (L-lactide-co-D, L-lactide) ; poly (L-lactide-co-meso-lactide) ; 

30 poly (L-lactide-co-glycolide) ; poly (L-lactide-co-trimethylenecarbonate) ; poly (L- 
lactide-co-q)silon-caprolactone) ; poly (D, L-lactide-co-meso-lactide) ; poly (D, L 
lactide-co-glycolide) ; poly (D, L-lactide-co-trimethylenecaibonate) ; poly (D, L- 
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lactide-co-epsilon-caprolactone) ; poly (meso-lactide-coglycoKde) ; poly (meso- 
lactide-co-trimefhylenecarbonate) ; poly (meso-lactide-co-epsaon-caprolactone) ; 
poly (glycoUdesx)trimethylenecarbonate) ; poly (glycolide-co-epsilon-caprolactone). 

5 In an embodiment of the invention the chewing gum comprises filler. 

A chewing gum base formulation may, if desired, include one or more 
fillers/textuiisers including as examples, magnesium and calcium carbonate, sodimn 
sxilphate, ground limestone, silicate compounds such as magnesium and aluminium 
10 silicate, kaolin and clay, aluminium oxide, silicium oxide, talc, titanium oxide, 
mono-, di- and tri-calcium phosphates, cellulose polymers, such as wood, and 
combinations hereof. 

In an embodiment of the invention the chewing gum con^rises filler in the amount 
IS of about 0 to about 50% by weight of the chewing gum, more typically about 1 0 to 
about 40 % by weight of the chewing gum. 

In an embodiment of the invention the chewing gum comprises at least one coloring 
agent 

20 

According to an embodiment of the invention, the chewing gum may comprise color 
agents and whiteners such as FDc&C-type dyes and lakes, finiit and vegetable 
extracts, titanium dioxide and combinations thereof. Further usefixl chewing gum 
base components include antioxidants, e.g. butylated hydroxytoluene (BHT), butyl 
25 hydroxyanisol (BHA), propylgallate and tocopherols, and preservatives. 

In an embodiment of the invention the chewing gum comprises conventional 
chewing gimi polymers or resins. 

30 In an embodiment of the invention the at least one biodegradable polymer comprises 
at least 5% of the chewing gum polymers. 
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In an embodiinent of the invention all the biodegradable polymers comprised in the 
chewing gum conq)rise at least 25%, preferably at least 50% of the chewing gum 
polymers. 

5 In an embodiment of flie invention flie biodegradable polymers comprised in the 
chewing gmn comprise at least 80%, preforably at least 90% of the chewing gum 
polymers. 

In an embodimmt of the invention the chewing gum comprises 
10 said at least one biodegradable polyester copolymer forming a plasticizer of the 
chewing gum and at least one non-biodegradable conventional elastomer 

According to the invention, a biodegradable polymer according to the invention may 
form a substitute of a conventional natural or syn&etic resin. 

15 

In an embodiment of the invention the chewing gum comprises the at least one 
biodegradable polyester copolymer forming an elastomer of the chewing gum and at 
least one non-biodegradable conventional natural or synthetic resin, 

20 According to the invention, a biodegradable polymer according to the invention may 
form a substitute of a conventional low or high molecular weight elastomer. 

In the present context, chewing gum ingredients may for example comprise bulk 
sweeteners, high intensity sweeteners, flavouring agents, softeners, emulsifiers, 
25 colouring agents, binding agents, acidulants, fillers, antioxidants and other 

components such as phannaceutically or biologically active substances, conferring 
desired properties to the finished chewing gum product 

Suitable bulk sweeteners include both sugar and non-sugar sweetening components. 
30 Bulk sweeteners typically constitute fcom about 5 to about 95% by weight of the 

chewing gum, more typically about 20 to about 80% by weight such as 30 to 60% by 
weight of the gum. 
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Useful sugar sweeteners are saccharide-containing compouents commonly known in 
the chewing gum art including, but not limited to, sucrose, dextrose, maltose, 
dextrins, trehalose, D-tagatose, dried invert sugar, fiuctose, levulose, galactose, com 
S syrup solids, and the like, alone or in combination. 

Sorbitol can be used as a non-sugar sweetener. Other useful non-sugar sweeteners in- 
clude, but are not limited to, other sugar alcohols such as mannitol, xylitol, 
hydrogenated starch hydrolysates, maltitol, isomaltol, erythritol, lactitol and fhe like, 
1 0 alone or in combination. 

High intensity artificial sweetening agents can also be used alone or in combination 
with die above sweetenors. Preferred high intensity sweetens include, but are not 
limited to sucralose, aspartame, salts of acesulfame, alitame, saccharin and its salts, 

IS cyclamio add and its salts, glycyrrhizin, dihydrochalcones, fhaumatin, monellin, 
sterioside and the like, alone or in combination. Jn order to provide longer lasting 
sweetness and flavour perception, it may be desurable to encapsulate or otherwise 
control the release of at least a portion of the artificial sweetener. Techniques such as 
wet granulation, wax granulation, spray drying, spray chilling, fluid bed coating, 

20 coascervation, encapsulation in yeast cells and fibre extrusion may be used to 

achieve desked release characteristics. Encapsulation of sweetening agents can also 
be provided using another chewing gum components such as a resinous compound. 

Usage level of the artificial sweetener will vary considerably and will depend on 
25 factors such as potency of the sweetener, rate of release, desired sweetness of the 

product, level and type of flavour used and cost considerations. Thus, the active level 
of artificial sweetener may vary fi:om about 0.02 to about 8% by weight. When 
carriers used for encapsulation are included, the usage level of the encapsulated 
sweetener will be proportionately higher. Combinations of sugar and/or non-sugar 
30 sweeteners can be used in the chewing gam formulation processed in accordance 
with the invention. Additionally, the softener may also provide additional sweetness 
such as with aqueous sugar or alditol sohitions. 
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If a low calorie gum is desired, a low caloric bulking agent can be used. Examples of 
low caloric bulking agrats include polydextrose, Raftilose, Raftilin, 
fructooligosaccharides (NutraFlora'^, palatinose oligosaccharides; guar gum 
5 hydrolysates (e.g. Sun Fiber®) or indigestible dextrins (e.g. Fibersol®). However, 
other low calorie-buQdng agents can be used. 

Further chewing gum ingredients which may be included in the chewing gum 
according to the present invention include surfactants and/or solubilisers, especially 

10 when pharmaceutically or biologically active ingredients are present. As examples of 
types of surfactants to be used as solubilisers in a chewing gum composition 
according to the invention reference is made to H,P. Fiedler, Lexikon der Hilfetoffe 
fur Pharmacie, Kosmetik und Angrenzende Gebiete, page 63-64 (1981) and the lists 
of ^proved food emulsifiers of the individual countries. Anionic, cationic, 

15 amphoteric or non-ionic solubilisers can be used. Suitable solubilisers include 

lecithin, polyoxyethylene stearate, polyoxyethylene sorbitan fatty acid esters, fatty 
acid salts, mono and diacetyl tartaric acid esters of mono and diglycerides of edible 
fatty acids, citric acid esters of mono and diglycerides of edible fatty acids, 
saccharose esters of fatty acids, polyglycerol esters of fatty acids, polyglycerol esters 

20 of interesteriiSed castor oil acid (E476), sodium stearoyllatylate, sodium lauryl sul- 
fate and sorbitan esters of fatty acids and polyoxyethylated hydrogenated castor oil 
(e.g. the product sold under the trade name CREMOPHOR), block copolymers of 
ethylene oxide and propylene oxide (e.g. products sold \mder trade names 
PLURONIC and POLOXAMER), polyoxyethylene fetty alcohol ethers, 

25 polyoxyethylene sorbitan fatty acid esters, sorbitan esters of fatty acids and 
polyoxyethylene steraric acid esters. 

Particularly suitable solubilisers are polyoxyefliylene stearates, such as for instance 
polyoxyethylene(8)stearate and polyoxyethylene(40)stearate, the polyoxyethylene 
30 sorbitan fetty acid esters sold under Ihe trade name TWEEN, for instance TWEEN 
20 (monolaurate), TWEEN 80 (monooleate), TWEEN 40 (monopahnitate), TWEEN 
60 (monostearate) or TWEEN 65 (tristearate), mono and diacetyl tartaric acid esters 
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of mono and diglycerides of edible fatty acids, citric acid esters of mono and 
diglycerides of edible fetty acids, sodixun stearoyllatylate, sodium lauiylsulfete, 
polyoxyethylated hydrogenated castor oil, blockcopolymers of ethylene oxide and 
propyleneoxide and polyoxyethylene fatty alcohol ether. The solubiliser may either 
S be a single compound or a combination of several compounds. In the presence of an 
active ingredient the chewing gum may preferably also comprise a carrier known in 
the art 

The chewing gum according to the present invention may contain aroma agents and 
10 flavouring agents including natural and synthetic flavourings e.g. in the form of 
.natural vegetable CQnq)onents, essential oils, essences, extracts, powders, including 
acids and other substances capable of affecting the taste profile. Examples of liquid 
and powdered flavourings include coconut, coffee, chocolate, vanilla, grape fiiiit, 
orange, lime, menthol, liquorice, caramel aroma, honey aroma, peanut, wahiut, 
IS cashew, hazelnut, almonds, pineapple, strawberry, raspberry, tropical fruits, cherries, 
cimiamon, peppermint, wintergreen, spearmint, eucalyptus, and mint, fruit essence 
such as &om apple, pear, peach, strawberry, apricot, raspberry, cherry, pineapple, 
and plum essence. The essential oils include peppermint, spearmint, menthol, 
eucalyptus, clove oil, bay oil, anise, thyme, cedar leaf oil, nutmeg, and oils of the 
20 fruits mentioned above. 

The chewing gum flavour may be a natural flavouring agent which is freeze-dried, 
preferably in the form of a powder, slices or pieces or combinations thereof The 
particle size may be less than 3 mm, less than 2 mm or more preferred less than 1 
25 mm, calculated as the longest dimension of the particle. The natural flavouring agent 
may in a form where the particle size is from about 3 )jm to 2 mm, such as from 4 
juun to 1 mm. Preferred natural flavouring agents include seeds from fruit e.g. from 
strawberry, blackberry and raspberry. 

30 Various synthetic flavours, such as mixed fruit flavours may also be used in the 
present chewing gum centres. As indicated above, the aroma agent may be used in 
quantities smaller flian those conventionally used. The aroma agents and/or flavours 
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may be used in tiie amount of from 0.01 to about 30% by weight of the final product 
depending on the desired intensity of the aroma and/or flavour used. Preferably, the 
content of aroma/flavour is in the range of 0.2 to 3% by wei^t of the total 
conq}osition. 

5 

In one embodiment the chewing gum according to the invration comprises a 
phamiaceutically, cosmetically or biologically active substance. Examples of such 
active substances, a comprehensive list of which is found e.g. in WO 00/25598, 
which is incoiporated herem by reference, include drugs, dietaiy supplements, 

10 antiseptic agents, pH adjusting agents, anti-smokmg agents and substances for the 
care or treatment of the oral cavity and the teeth such as hydrogen peroxide and 
compounds capable of releasing urea during chewing. Examples of useful active 
substances in the form of antiseptics include salts and derivatives of guanidine and 
biguanidine (for instance chlorhexidine diacetate) and the following types of 

15 substances with limited water-solubility: quatemary ammonium compounds (e.g. 
ceramine, chloroxylenol, crystal violet, chloramine), aldehydes (e.g. 
paraformaldehyde), derivatives of dequaline, polynoxyline, phenols (e.g. thymol, p- 
chlorophenol, cresol), hexachlorophene, salicylic anilide compounds, triclosan, 
halogenes (iodine, iodophores, chloroamine, dichlorocyanuric acid salts), alcohols 

20 (3,4 dichlorobenzyl alcohol, benzyl alcohol, phenoxyethanol, phenylethanol), cf. also 
Martindale, The Extra Pharmacopoeia, 28th edition, page 547-578; metal salts, 
complexes and compounds with limited water-solubility, such as aluminium salts, 
(for instance aluminium potassixmi sulphate AlKj[S04)2,12H20) and salts, complexes 
and compounds of boron, barium, strontium, iron, calcium, zinc, (zinc acetate, zinc 

25 chloride, zinc gluconate), copper (copper chloride, copper sulphate), lead, silver, 
magnesium, sodium, potassium, lithium, molybdenum, vanadium should be 
included; other compositions for the care of mouth and teeth: for instance salts, 
complexes and compounds containing fluorine (such as sodium fluoride, sodium 
monofluorophosphate, aminofluorides, staimous fluoride), phosphates, carbonates 

30 and selenium. Further active substances can be found ui J. DentRes. Vol 28 No. 2, 
page 160-171,1949. 
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Exanq)les of active substances in the form of agents adjusting the pH in the oral 
cavity include: acids, such as adipinic acid, succinic acid, fmnaric acid, or salts 
thereof or salts of citric acid, tartaric acid, malic acid, acetic acid, lactic acid, 
phosphoric acid and glutaric acid and acceptable bases, such as carbonates, hydrogen 
5 carbonates, phosphates, sulphates or oxides of sodium, potassium, ammonium, 
magnesium or calcium, especially magnesium and calcium. 

Active ingredients may comprise the below mentioned compounds or derivates 
hereof but are not limited thereto: Acetaminophen, Acetylsalicylsyre Buprenorphine 

10. Bromhexin Celcoxib Codeine, Diphenhydramin, Diclofenac, Etoricoxib, Ibuprofen, 
Indometacin, Ketoprofen, Lumiracoxib, Morphine, Naproxen, Oxycodon, Parecoxib, 
Piroxicam, Pseudoefedrin, Rofecoxib, Tenoxicam, Tramadol, Valdecoxib, 
Calciumcarbonat, Magaldrate, Disulfiram, Bupropion, Nicotine, Azithromycin, 
Clarithromycin, Clotrimazole, Erythromycin, Tetracycline, Granisetron, 

IS Ondansetron, Prometazin, Tropisetron, Bron^heniramine, Ceterizin, leco-Ceterizin, 
Chlorcyclizine, Chlorpheniramin, Chloipheniramin, Difenhydramine, Doxylamine, 
Fenofenadin, Guaifenesin, Loratidin, des-Loratidin, Phenyltoloxamine, Promethazin, 
Pyridamine, Terfenadin, Troxerutin, Methyldopa, Methylphenidate, Benzalcon. 
Chloride, Benzeth. Chloride, Cetylpyrid. Chloride, Chlorh^idine, Ecabet-sodium, 

20 Haloperidol, Allopurinol, Colchinine, TheophylUne, Propanolol, Prednisolone, 
Prednisone, Fluoride, Urea, Miconazole, Actot, Glibenclamide, Glipizide, 
Metformin, Miglitol, Repaglinide, Rosiglitazone, Apomorfin, Cialis, Sildenafil, 
Vardenafil, Diphenoxylate, Shnethicone, Cimetidine, Famotidine, Ranitidine, 
Ratinidine, cetrizin, Loratadine, Aspirin, Benzocaine, Dextrometorphan, Ephedrine, 

25 Phenylpropanolamine, Pseudoephedrine, Cisapride, Domperidone, Metoclopramide, 
Acyclovir, Dioctylsulfosucc, Phenolphtalein, Almotriptan, Eletriptan, Ergotamine, 
Migea, Naratriptan, Rizatriptan, Sumatriptan, Zolmitriptan, Aluminium salts, 
Calcium salts, Ferro salts, Silver salts, Zinc-salte, Amphotericin B, Chlorhexidine, 
Miconazole, Triamcinolonacetonid, Melatonine, Phenobarbitol, Caffeine, 

30 Benzodiazepiner, Hydroxyzine, Meprobamate, Phenothiazine, Buclizine, 

Brometazine, Cinnarizine, Cyclizine, Difenhydramine, Dimenhydrinate, Buflomedil, 
Amphetamine, Caffeine, Ephedrine, Orlistat, Phenylephedrine, Phenylpropanolamin, 
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Pseudoephedrine, Sibutramin, Ketoconazole, Nitroglycerin, Nystatin^ Progestoone, 
Testosterone, Vitamin B12, Vitamin C, Vitamin A, Vitamin D, Vitamin E, 
Pilocarpine Aluminiumaminoacetat, Cimetidine, Bsomeprazole, Famotidine, 
Lansoprazole, Magnesinmoxide, Nizatide and or Ratinidine. 

5 

The gum centre of a chewing gum according to flie invention can have any form, 
shape or dimension that permits the chewing gum cmtre to be coated using any 
conventional coating process. Accordingly, the gum centre may be e.g. in a form 
selected fix)m a pellet, a cushion-shaped pellet, a stick, a tablet, a chunk, a pastille, a 
10 pill, a ball and a sphere. 

Moreover, the chewmg gum may advantageously be coated applying for example 
film-coating, soft or hard-coating. 

15 The proportion of such non-degradable polymers may be in tiie range of 1-99% by 
weight including the range of 5 to 90% by weight such as in the range of 10-50% by 
weight of the chewing gum. 

In an embodiment of the invention said chewing gum comprises 

20 

at least one biodegradable elastomer in the amount of about 0.5 to about 70% wt of 
the chewing gum, 

at least one biodegradable plasticizer in the amount of about 0.5 to about 70% wt of 
25 the chewing gum and 

at least one chewing gum ingredient chosen from the groups of softeners, sweeteners, 
flavoring agents, active ingredients and fillers in the amount of about 2 to about 80% 
wt of the chewing gum. 

30 

In accordance with the invention, the chewing gum base components which are 
usefid may include one or more resin conq)ounds contributmg to obtain the desired 
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masticatory properties and acting as plasticizers for the elastomers of the gmn base 
composition. In the present context, useful elastomer plasticizers include synthetic 
resins such as polyvinyl acetate (PVAc) having a GPC average molecular weight in 
the range of 2,000 to about 90,000 such as the range of 3,000 to 80,000, and natural 
5 resins such as natural rosin esters, often referred to as ester gums including as 
examples glycerol esters of partially hydrogenated rosins, glycerol esters of 
polymerised rosins, glycerol esters of partially dimerised rosins, glycerol esters of 
tally oil rosins, pentaeryfhritol esters of partially hydrogenated rosins, methyl esters 
of rosins, partially hydrogenated methyl esters of rosins, penta^Tthiitol esters of 
10 rosins. Other useful resinous compounds include synthetic resins such as terpene 
resins derived from alpha-pinrae, beta-pinene, and/or d-limonene, natural terpene 
resins; and any suitable combinations of the foregoing. The preferred elastomer 
plasticizers will also vary depending on the specific application, and on tiie type of 
elastomer(s) being used 

15 

When applying non-biodegradable elastomers, the below mentioned synthetic or 
natural elastomers may be chosen in combination with the at least one biodegradable 
chewing polymer according to the invention. 

20 In this context, useful synthetic elastomers mclude, but are not limited to, synthetic 
elastomers listed in Food and Drug Administration, CFR, Title 21, Section 172,615, 
the Masticatory Substances, Synthetic) such as polyisobutylene witii a gas pressure 
chromatography (GPC) average molecular weight in the range of about 10,000 to 
about 1,000,000 including the range of 50,000 to 80,000, isobutylene-isoprene 

25 copolymer (butyl elastomer), styrene-butadiene copolymers e.g. having styrene- 
butadiene ratios of about 1:3 to about 3:1, polyisoprene, polyethylene, polyvinyl 
acetat, vinyl acetate-vinyl laurate copolymer e.g. having a vinyl laurate content of 
about 5 to about 50% by weight such as 10 to 45% by weight of the copolymer, and 
combinations hereof. 

30 

It is e.g. common in the industry to combine in a gum base a synthetic elastomer 
having a high molecular weight and a low-molecular-weight elastomer. Presently 
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preferred combinations of synthetic elastomers include, but are not limited to, 
polyisobutylene and styrene-butadiene, polyisobutylene and polyisoprene, 
. polyisobutylene and isobutyl^^-isoprene copolymer (butyl rubb^) and a 
combination of polyisobutylene, styrene-butadiene copolymer and isobutylene 
5 isoprene copolymer, and all of the above individual synthetic polymers in admixture 
with polyvinyl acetate, vinyl acetate-vinyl laurate copolymers, req)ectively and 
mixtures thereof. 

Useful natural non-degradable elastomers include the elastomers listed in Food and 
10 Drug Administration, CFR, Title 21, Section 172,615, as "Masticatory Substances of 
Natural Vegetable Origin" incliiding natural rubber compounds such as smoked or 
liquid latex and guayule and other natural gums including jelutong, lechi caspi, 
massaranduba balata, sorva, perillo, rosindinha, massaranduba chocolate, chicle, 
nispero, gutta hang kang, and combinations thereof The preferred synthetic 
15 elastomer and natural elastomer concentrations vary depending on whether the 
chewing gum in which the base is used is adhesive or conventional, bubble gum or 
regular gum, as discxissed below. Presently preferred natural elastomers include 
jelutong, chicle, massaranduba balata and sorva. 

20 A chewing gum base formulation may, if desired, include one or more 

fillers/texturisers including as examples, magnesium and calcium carbonate, sodium 
sulphate, ground limestone, silicate compounds such as magnesium and aluminium 
silicate, kaolin and clay, aluminium oxide, silicium oxide, talc, titanium oxide, 
mono-, di- and tri-calcium phosphates, cellulose polymers, such as wood, and 

25 combmations thereof. 

The fillers/texturisers may also include natural organic fibres such as fiuit vegetable 
fibres, grain, rice, cellulose and combinations thereof. 

30 A gum base formulation may, in accordance with the present invention, comprise 
one or naore softening agents e.g. sucrose polyesters including those disclosed in WO 
00/25598, which is incorporated herein by reference, tallow, hydrograated tallow, 



wo 2004/028267 



PCT/DK20O2/O00626 



18 

hydrogenated and partially hydrogeoated vegetable oils, cocoa butter, glycerol 
monostearate, glycerol triacetate, lecithin, mono-, di- and triglycerides, acetylated 
monoglycerides, fatty acids (e.g. stearic, palmitic, oleic and linoleic acids), and 
combinations thereof. As used herein the term "softener" designates an ingredient, 
5 which softens the gum base or chewing gum formulation and encompasses waxes, 
&ts, oils, emulsifiers, surfactants and solubilisers. 

To soften the gum base further and to provide it with water binding properties, which 
confer to the gum base a pleasant smooth surface and reduce its adhesive properties, 

10 one or more emulsifiers is/are usually added to the composition, typically in an 
amount of 0 to 18% by weigjit, preferably 0 to 12% weight of the gum base. Mono- 
and diglycerides of edible fetty acids, lactic acid esters and acetic acid esters of 
mono- and diglycerides of edible fetty acids, acetylated mono and diglycerides, sugar 
esters of edible fatty acids, Na-, K-, Mg- and Ca-stearates, lecithin, hydroxylated 

15 lecithin and the like are examples of conventionally used emulsifiers which can be 
added to the chewing gum base. In case of the presence of a biologically or 
pharmaceutically active ingredient as defined below, the formulation may comprise 
certain specific emulsifiers and/or solubilisers in oxdsc to disperse and release the 
active ingredient 

20 

Waxes and fats are conventionally used for the adjustment of the consistency and for 
softening of the chewing gum base when preparing chewing gum bases. In 
connection with the present mvention any conventionally used and suitable type of 
wax and fat may be used, such as for instance rice bran wax, polyethylene wax, 
25 petroleum wax (refined paraffin and microcrystalline wax), paraffin, bees* wax, 
camauba wax, candeKlla wax, cocoa butter, degreased cocoa powder and any 
suitable oil or fat, as e.g. completely or partially hydrogenated vegetable oils or 
completely or partially hydrogenated animal fats. 
In an embodiment the gum base is wax-free. 

30 

Furthermore, tiie gum base formulation may, in accordance with the present 
invention, comprise colourants and whiteners such as FD&C-type dyes and lakes. 
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fruit and vegetable extractSi titaaium dioxide and combioatioiis thereof. Further 
useful chewing gum base components include antioxidants, e.g. butylated 
hydroxytoluene (BHT), butyl hydroxyanisol (BHA), propylgallate and tocopherols, 
and preservatives. 

5 

The composition of chewing gum base formulations which are admixed with 
chewing gum additives as defined below can vary substantially depending on the 
particular product to be prepared and on the desired masticatory and ottier sensory 
characteristics of the final product However, typical ranges (weight%) of the above 
10 gum base componmts are: 5 to 50% by weight elastomeric compounds, 5 to 55% by 
weight elastomer plasticizers, 0 to 50% by weight filler/texturiser, 5 to 35% by 
weight softener and 0 to 1% by weight of miscellaneous ingredients such as 
antioxidants, colourants, etc. 

15 Dififerent suitable cyclic ester monomers applicable for the polymerization of 
biodegradable polyester copolymer applied in the chewing gum according to the 
invention are listed below. 

In an embodiment of the invention the lactone monomers are chosen firom the group 
20 of e-caprolactone, 8-valerolactone, y-butyrolactone, and p-propiolactone. It also 

includes e-caprolactones, 5-valerolactones, y-butyrolactones, or p-propiolactones that 
have been substituted with one or more alkyl or aryl substituents at any non-carbonyl 
carbon atoms along the ring, including compounds in which two substituents are 
contained on the same carbon atom. 

25 

Examples of the lactones described above are, but not limited to, -caprolactone, t- 
butyl caprolactone, zeta-enantholactone, deltavalerolactones, the monoalkyl-delta- 
valerolactones, e. g. the monomethyl-, monoefiiyl-, monohexyl-deltavalerolactones, 
and the like ; the nonalkyl, dialkyl, and trialkyl-epsilon-caprolactones, e. g. the 
30 monomethyl-, monoethyl-, monohexyl-, dimethyl-, di-n-propyl-, di-nhexyl-, 

trimethyl-, triethyl-, tri-n-epsilon-caprolactones, 5-nonyloxepan-2-one, 4, 4, 6- or 4, 
6, 6-trimethyl-oxepan-2-one, 5-hydroxymethyloxepan-2-one, and the like ; beta- 
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lactones, e. g., beta-propiolactone, beta-butyrolactone gamma-lactones, e. g., 
gammabutyrolactone or pivaloiactone, dilactones, e. g. lactide, dilactides, glycolides, 
e. g., tetramethyl glycolides, and the like, ketodioxanones, e. g. 1, 4-dioxan-2one, 1, 
5-dioxepan-2-one, and the like. The lactones can consist of the optically pure isomers 
5 or two or more optically di£ferent isomers or can consist of mixtures of isomers. 

Preferably the carbonate monomer is selected from the group of trimefliylene 
carbonate, 5-alkyl-l,3-dioxan-2-one, 5,5-dialkyl-l,3-dioxan-2-one, or 5-alkyl-5- 
alkyloxycarbonyl- 1 ,3-dioxan-2-one. 

10 

Examples of suitable cyclic carbonates are ethylene carbonate, 3-ethyl-3- 
hydroxymethyl trimethylene carbonate, propylene carbonate, trimettiylene carbonate, 
trimethylolpropane monocarbonate, 4, 6dimethyl-l, 3-propylene carbonate, 2, 2- 
dimethyl trimethylene carbonate, and 1, 3-dioxepan-2-one and mixtures thereof 
15 . 

According to the invention several different carboner monomers may be applied. The 
preferred carbonate monomer is triinefhylene carbonate (TMC). 

In an embodiment of the invention edible polyesters may be applied as a degradable 
20 chewing gum polymer. 

Edible polyesters are obtained by esterification of at least one alcohol and one acid. 

The edible polyester is produced by condensation polymerization reaction of at least 
25 one alcohol chosen from the group of trihydroxyl alcohol and dihydroxyl alcohol, 
and at least one acid chosen from the group consisting of dicarboxylic acid and 
tricarboxylic acid. 

It is possible to use edible or food grade materials. Because the starting acids and 
30 alcohols are food grade materials the resultant polymers is edible. 

Alcohols: Glycerol, propylene glycol, 1,3 butylene diol 
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Acids: Citric acid, fiimaric acid, adipic acid, malic acid, succinic acid, 

suberic acid, sebacic acid, dodecaaedioic acid, glucaric acid, glutamic 
acid, glutaric, azelaic acid, tartaric acid 

5 

Edible polyesters can replace both elastomers and elastomer plasticizers and form 
1-80% of the gum base. 

The draMings 

10 

The invention will now be described in further details in the following, non-limiting 
examples and figures wherein 

fig.1-10 illustrate the release of taste ingredients of chewing gum according 

IS to the invention, 

fig. 1 1 and 12 illustrate the release of active ingredients in a chewing gum 
according to the invention and where 

20 fig. 13 and 14 illustrate the texture of chewing gums according to the invention 
Detailed description 

In the present context the terms environmentally or biologically degradable polymer 
compounds refers to chewing gum base components which, after dumping the 
chewing gum, is capable of imdergoing a physical, chemical and/or biological 
degradation whereby the dumped chewing gum waste becomes more readily 
removable firom the site of dumping or is eventually disintegrated to lumps or 
particles which are no longer recognizable as being chewing gum remnants. The 
degradation or disintegration of such degradable polymers can be effected or induced 
by physical &ctors such as temperature, light, moisture, by chemical &ctors such as 



25 



30 
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hydrolysis caused by a change in pH or by the action of enzymes capable of 
degrading the polymers. In other useful embodiments all of the polymer components 
of the gum base are environmentally degradable or biodegmdable polymers. 

5 Preferably, the ultimate degradation products^are carbon dioxide, methane and water. 

According to a preferred definition of biodegradability according to* the invention 
biodegradability is a property of certain organic molecules whereby, when exposed 
to the natural environment or placed within a living organism, they react through an 
10 enzymatic or microbial process, often in combination with a pure chemical process 
such as hydrolysis, to form sunpler compounds, and ultimately, carbon dioxide, 
nitrogen oxides, and water. 

Accordingly, suitable examples of additional environmentally or biologically degra- 
15 dable chewing gum base polymers which can be applied in accordance with the gum 
base of the presrat invention include degradable polyesters, polycarbonates, poly- 
ester amides, polypeptides, homopolymers of amino acids such as polylysine, and 
proteins including derivatives hereof such as e.g. protein hydrolysates including a 
zein hydrolysate. Particularly useful compounds of fliis type include polyester 
20 polymers obtained by the polymerisation of one or more cyclic esters such as lactide, 
glycolide, trimethylme carbonate, 5-valerolactone, P-propiolactone and e- 
caprolactone. Such degradable polymers may be homopolymers or copolymers, 
including block-polymers. 

25 Unless otherwise mdicated, as used herem, the term ^'molecular weight means 
number average molecular weight (Mn). 



EXAMPLE 1 
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Preparation of resin 

A resin sample was produced usiag a cylindrical glass, jacketed 1 0 L pilot reactor 
equipped with glass stir shaft and Teflon stir blades and bottom outlet. Heating of 
5 the reactor contents was acconq)lished by circulation of silicone oil, fhermostated to 
130*^0, flirough the outer jacket D,L-lactide (4.877 kg, 33,84 mol) was charged to 
the reactor and melted by heating to 140^*0 for 6 h. After the D J^-lactide was 
coii5)letely molten, the temperature was reduced to 130**C, and stannous octoate 
(1.79 g, 4.42 X 10"^ mol), 1,2-piopylene glycol (79.87 g, 1.050 mol), and e- 
10 caprolactpne (290.76 g, 2.547 mol) were charged to the reactor. After the mixture 
became homogeneous, stirring was continued for 24 h at 130®C. At the end of Ms 
time, the bottom outlet was opened, and molten polymer was allowed to dram into a 
Teflon-lined paint can. 

1 5 Characterization of the product indicated Mn == 5,700 g/mol and Mw = 7, 1 00 g/mol 
(gel permeation chromatography with online MALLS detector) and Tg = 30.7°C 
(DSC, heating rate 10°C/min). 

20 EXAMPLE 2a 

Preparation of LMWE elastomer 
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A LMWE sample was synthesized within a dry N2 glove box, as follows. Into a 500 
mL resin kettle equipped with overhead mechanical stirrer, 0.40 g 1,2-propane diol 
(1,82 mL of a 22.0 % (w/v) solution in MeCh), and 0.094 g Sn(0ct)2 (2.2 mL of a 
4.27 % (w/v) solution of in MeCU) were charged under dry N2 gas purge. The > 
5 MeCU was allowed to evaporate under the N2 purge for 15 min, Thra e-caprolactone 
(170 g, 1.49 mol), TMC (76g, 0.74 mol), and 8-valerolactone (74 g, 0.74 mol) were 
added. The resin kettle was submerged in a 130°C constant-temperature oil bath and 
stirred for 14 h. Subsequently the kettle was removed from the oil bath and allowed 
to cool to room temperature. 

10 

Characterization of the product indicated Mn = 57,960 g/mol and Mw = 85,910 g/mol 
(gel permeation chromatography with online MALLS detector) and Tg = - 59.8®C 
(DSC, heating rate 10=*C/min). 

15 

EXAMPLE 2b 

Preparation of LMWE elastomer 

20 A LMWE sample was synthesized within a dry N2 glove box, as follows. Into a 500 
mL resin kettle equipped with overhead mechanical stirrer, 0.73 g 1,2-propane diol 
(3.3mL of a 22.0%(w/v) solution in methyl^ie chloride), and 0.152 g Sn(0ct)2 (3.56 
ml of a 4.27% (w/v) solution in methylene chloride) were charged under dry N2 gas 
purge. The methylene chloride was allowed to evaporate xmder the N2 purge for 15 

25 min. Then e-caprolactone (300g, 2.63 mol) and 5-valerolactone (215 gm, 2.15 mol) 
were added. The resin kettle was submerged in a 130^C constant temperature oil 
bath and stirred for 14 h. Subsequently the kettle wa^ removed &om the oil bath and 
allowed to cool at room tenipprature. 

30 Characterization of the product indicated Mn = 59,870 g/mol and Mw = 74,220 g/mol 
(gel permeation chromatography with online MALLS detector). 
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EXAMPLES 



Preparation of HMWE 

5 

A HMWE sample was synfhesized in a diy N2 glove box, as follows. Into a 500 xnL 
resin ketfle equipped with ov^head mechanical stirrer was charged 0.037 g Sn(0ct)2 
(2.4 ml of a 1.54% (wAr) solution in methylene chloride) under dry N2 gas piurge. 
The methylene chloride was allowed to evaporate under the N2 purge for 15 min. 

10 Then, pentaerythritol (0.068 g, 4.99 x lO'^mol), e-caprolactone (68.0g, 0.596 mol), 
TMC (7.0 g, 0.069 mol), and 5-valeroIactone (33.0 g, 0.33 mol) were added. The 
resin kettle was then submerged in a 130°C constant-temperature oil bath and stirred 
for about 2 - 2.5 h, at which time the mass solidified and could no longer be stirred 
The reacting mass was then maintained at 130°C for an additional 11.5-12hfora 

15 total reaction time of 14 h. Subsequently the kettle was removed from the oil bath 
and allowed to cool to room temperature.. 

Characterization of the product indicated Mn = 1 13,900 g/mol and Mw = 369,950 
g/mol (gel permeation chromatography with online MALLS detector). 

20 

EXAMPLE 4 



25 



Preparation of gum bases 



All the gum bases are prepared with following basic formulation: 



Ingredients Percent bv weieht 



30 Elastomer HMWE (Polymer 1) 20 
Elastomer LMWE (Polymer 2) 40 
Resin (Polymer 3) 40 
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The gum bases are prepared as follows: 

HMWE elastomer is added to a mixing kettle provided with mixing means like e.g. 
horizontally placed Z-shaped arms. The ketfle had been preheated for 1 5 minutes to a 
5 temperature of about 60-80°C. The rubber is broken into small pieces and softened 
with mechanical action on the kettle. 

The resin is slowly added to the elastomer until the mixture becomes homogeneous. 
The remaining resin is then added to ttie kettie and mixed for 10-20 minutes. The 
10 LMWE elastomer is added and mixed for 20-40 minutes until the ^irtiole mixture 
becomes homogeneous. 

The mixture is then discharged into the pan and allowed to cool to room temp^ture 
from the discharged temperature of 60-80^C, or the gumbase mixture is used 
15 directly for chewing gum by adding all chewing gum components in an appropriate 
order under continuous mixing. 



EXAMPLES 

20 

Preparation of Chewing gum 

All chewing gum formulations are prepared with the following basic formulation 

25 Ingredients Percent by weight Percent by weight 

fMint formulation^ (Strawberry formulation) 

Gumbase 
Sorbitol 
30 Lycasin 

Peppermint oil 
Menthol crystals 



40 

48.6 

3 

1.5 
0.5 



40 

48,6 

3 
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Strawbeiry - 2 

Aspartame 0.2 0.2 

Acesul&me 02 0.2 

XyUtol 6 6 

The chewing gum products are prepared as follows: 



The gum base is added to a mixing kettle provided with mixing means like e.g. 
horizontally placed Z-shaped aims. The kettle had been preheated for IS mimites to a 
10 temperature of about 60-80**C. Or the mixing step is continued directly from the gum 
base preparation i.e. in a one step operation. The mixing process is preformed at a 
temperature between 60-80**C. 

One third portion of the sorbitol is added together with the gum base and mixed for 
15 1-2 imnutes. Another one third portion of the sorbitol and lycasin are then added to 
the kettle and mixed for 2 minutes. The remaining one third portion of sorbitol, 
peppermint and menthol are added and mixed for 2 minutes. Then aspartame and 
acesulfame are added to the kettle and mixed for 3 minutes. Xylitol is added and 
mixed for 3 minutes. The resulting gum mixture is then discharged and e.g. 
20 transferred to a pan at a temperature of 40-48°C. The gum is then rolled and scored 
into cores, sticks, balls, cubes, and any other desired shape, optionally followed by 
coating and polishing processes prior to packaguig. 



25 EXAMPLE 6-10 



Sensory profile of conventional and biodegradable chewing gum containing 
flavor. 



Ex 


Gum base 


Polymer 1 


Polymer 2 


Polymers 


Chewing 
gum 


6 


Standard 


Butyl rubber 


Polyisobutylene 


Polyvinylacetate 


Mint 
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conventional 
gum base 


Mn =117.000 


Mn =30.000 


Mn=5000 




7 


100% 

biodegradable 
gum base 


Elastomer 
according to 
example 3 


Elastomer 
according to 
example !2a 


Polymer 
according to 
example 1 


Mint 


o 

8 


Gum base based 
only on example 
1 






Polymer 
according to 
example 1 


Mint 


9 


Gum base based 
only on example 
2a 




Elastomer 
according to 
example 2a 




Mint 


10 


Gum base based 
only on example 
3 


Elastomer 
according to 
example 3 






Mint 


Mini 


t refers to the formulations specified in example 5. 



The five chewing gum samples were tested by serving them to the sensory panellists 
in tasting booths made in accordance with ISO 8598 standards at room temperature 
5 m 40 ml tasteless plastic cups with randomised 3-figure codes. Test samples were 
evaluated after chewing for 0-1 minutes (initial phase 1), 1-2 minutes (intermediate 
1), 2-3 minutes (intermediate 2), 4-5 (end phase 1), respectively. Between each 
sample tested, the panellist were allowed a break of 3 minutes. Every test is repeated, 

10 The following texture parameters were assessed: softness, toughness and elasticity. 
For each of these parameters, the panellists were required to provide their 
assessments according to an arbitrary scale of 0-15. The data obtained were 
processed using a FIZZ computer program (French Bio System) and the results were 
transformed to sensory profile diagrams as shown in figure 10-12. The major 

15 diff^nces between test chewing gums in all phases were the 
following: 
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Figure 1 - 4 are illustrating the evaluation of release of the following taste 
parameters; peppermint, sweetness, flavor intensity and cooling. 

Figure 1: 

5 No differences betwera &e examples 6 to 10 can be observed. Both the conventional 
chewing gum of ex. 6 and the partly biodegradable chewing gum have very uniform 
cooling as a function of chewing gum. 

Figure 2: 

10 Initially the ex. 8 and 9 are higgler in flavor intensity compared to ex. 6 J and 10. 
Example 8 and 9 are the low molecular weight polymers i.e. having lower viscosity 
resulting in fester flavor release due the increased mobility of the flavor components 
in the compound. Ex, 10 bemg the high molecular weight polymer i.e. having higher 
viscosity than all the other examples is having tiie slowest release. 

15 After 2 minutes of chewing gum the picture is changing as the flavor in the low 
molecular polymer is released from the system and the high molecular weight 
polymer takes the lead as it still has retained flavor for release in the system. 
The ex. 7 compared to ex. 6 is having a higher release at all chewing times (except 
up to 1 minute of chewing) indicating a synergetic effect of mixing all three 

20 biodegradable polymers. 

Figure 3: 

Release of peppermint follows the flavor release profiles described according to 
figure 2. 

25 

Figure 4: 

The sweetness release profile compares in general with the release of flavor intensity 
and peppOToint. However ex. 10 is having the peak value lat^ than the other 
examples which is due to the very high viscosity of this sample makmg it difficult in 
30 the initial phase to incorporate the saliva into the gum base. However due to the more 
hydrophilic nature of the biodegradable polymers compared to the conventional gum 
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base polymers, then tiie saliva when the polymer is softened, incorporates very fast 
resulting in high release of the sweetener. 

Ex. 8 and 9 being the low viscosity polymers are showing instant high release of 
5 sweetener resultmg jfrom the initial softness and the hydrophilic nature of the 

polymers - hence a very low sweetness release after 2 minutes of chewing as all of 
the sweetener is released firom the system. 

As the uptake of saliva into the biodegmdable gum base is ftister compared to the 
1 0 conventional gum base polymer being more hydrophobic, the release of sweeteners 
in biodegradable systems are &ster and more intense. 

EXAMPLE 11-14 

15 

Sensory proffle of conventional and biodegradable chewing gum containing 
flavor. 



Ex 


Gum base 


Polymer 1 


Polymer 2 


Polymer 3 


Chewing 
gum 


11 


Standard 
conventional 
gum base 


Butyl rubber 
Mn =117.000 


Polyisobutylene 
Mn =30.000 


Polyvinylacetate 
Mn=5000 


Mint 


12 


Gum base based 
only on example 
2a 


Butyl rubber 
Mn =117.000 


Elastomer 
according to 
example 2a, 


Polyvinylacetate 
Mn=5000 


Mint 


13 


Gum base based 
only on example 
1 


Butyl rubber 
Mn =117.000 


Polyisobutylene 
Mn =30.000 


Polymer 
according to 
example 1 


Mint 


14 


Gum base based 
only on exanq}le 
l-2a 


Butyl rubber 
Mn =117.000 


Elastomer 
according to 
example 2a 


Polymer 
according to 
example 1 


Mint 



« 
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The four chewing gum samples were tested by serving them to the sensory panellists 
in tasting booths made in accordance with ISO 8598 standards at room tenq>erature 
in 40 ml tasteless plastic cups with randomised 3-figure codes. Test samples were 
5 evaluated after chewing for 0-54 minutes (initial phase 1), Vz-l minutes (initial phase 
2), l-r/2 minutes (intennediate 1), 1^2-2 minutes (intermediate 2), 2-2^2 minutes 
(intermediate 3), 254-3 minutes (intermediate 4), 3-314 minutes (intermediate 5), 3V4- 
4 minutes (intennediate 6), 4-4*72 miimtes (end phase 1), 4^4-5 minutes (end phase 2), 
respectively. Between each sample tested, the panellist were allowed a break of 3 
10 minutes. Every test is repeated. 

Figure 5 - 8 are illustrating the evaluation of release of the following taste 
parameters; peppermint, sweetness, flavor intensity and cooling. 

15 

Figure 5: 

Ex. 13 exhibits a higher cooling release during the first 2 minutes of chewing - 
indicating, that by the substitution of PVA with a biodegradable polymer in a 
conventional gum base system, cooling is favored. 
20 The other samples are comparable to the conventional gum base system. 

Figure 6: 

Flavor intensity is favored by the biodegradable polymers in the conventional gum 
base systOTi primarily in the initial chewing phase. Ex. 13 having a higher flavor 
25 intensity during flie first 2 minutes of chewing. After the first 2 minutes the flavor is 
lost and flie intensity is reduced to below ex. 1 1. Ex. 12 follows the ex. 1 1 in flavor 
intensity. In ex. 14 (combination of 12 and 13) it can be seen that the IMWE can be 
used to ajust the loss of flavor intensity caused by the substituting PVA with a 
biodegradable resin in the last period of chewing. 

30 

Fig. 7 illustrates the release of peppermint 
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Release of peppermint is highest m the examples containing biodegradable 
polymers in the initial chewing phase. 

Ex. 12 contains the LMWE biodegradable polymer account for the highest 
peppennint release during the mediate and final chewing phase. 

5 

Figure 8: 

As described in ex. 6-10, figure 4 illustrates that sweetness is released very instantly 
in systems containing biodegradable polymers being more hydrophilic than 
conventional gum base polymers. However by increasing the molecular weight and 
10 i.e. the viscosity of the polymer the sweetness release can be prolonged in order to 
match fbs release of a conventional gum base system. 

Iq summary, it has been demonstrated that the release of ingredients may be adjusted 
by variation of the molecular weight of the applied biodegradable polymer or 
15 polymers. Moreover, it has also been established, that adding of polymers having a 
certain predetermined ingredient release profile may in fact modify the final 
complete chewing gum release profile. 

20 EXAMPLE 15-18 

Sensory profile of conventional and biodegradable chewing gum containing 
flavor. 



Ex 


Gum base 


Polymer 1 


Polymer 2 


Polymer 3 


Chewing gum 


15 


100% 


Elastomer 


Elastomer 


Polymer 


Strawberry 




biodegradable 


according to 


according to 


according to 


(2% flavor) 




gum base 


example 3 


example 2b 


example 1 




16 


100% 


Elastomer 


Elastomer 


Polymer 


Strawberry 




biodegradable 


according to 


according to 


according to 


(1% flavor) 




gum base 


example 3 


example 2b 


example 1 
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17 


100 % 


Elastomer 


Elastomer 


Polymer 


StrawbOTy 




biodegradable 


according to 


according to 


according to 


(1% flavor 




gum base 


example 3 


example 2b 


example 1 


plus 0.5% 
triacetine) 



* ouawueii^ icx^ib-au lucf iUrmiuiiuuiits speumeu m 'example' 3. soroitoiis usea to 
adjust to 100%. 



The three chewing gum samples were tested by serving them to the sensory panellists 
5 in tasting booths made in accordance with ISO 8598 standards at room temperature 
in 40 ml tasteless plastic cups with randomised 3-figure codes. Test samples were 
evaluated each 10 seconds in 290 seconds. Between each sample tested, the 
panellists were allowed a break of 3 minutes. Every test is repeated. 

10 Figure 9 is illustrating the strawberry release as a function of time. It can be seen that 
although the amount of strawberry have been reduced to the half of the amount ia ex. 
16 and ex. 17 compared to ex. 15 it does not affect the in-vivo experience when 
chewing the samples. In ex. 17 additional 0,5% of triacetine has been added in order 
to ajust the viscosity to ex. 15, as reduction of flavor results in higher viscosity of the 

15 gum and reduced flavor release. It can be concluded from figure 9 that it is possible 
to reduce the amount of chewing gum ingredients, such as flavoring agents or active 
ingredients in biodegradable chewing gums comprising at least one biodegradable 
polymer, wherein the molecular weight of said biodegradable polymer is at least 
105000 g/mol(Mn). 

20 

This may indicate that the provided flavor release is at a level where human beings 
are not able or less able to detect any differences as gustatory bud is saturated with 
flavor. 

25 Solubility parameters can be applied to explain release and release rates of the water- 
insoluble ingredients in chewing. 
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The solubility can be e3q)ressed as A5=(81~52) where 8= (E/V). E= the cohesive 
energy and V= molar volume. 

If the AS is less than 2, sohibility can be e}q)ected between a solvent (here:fiavor) and 
5 a polymer according to US 5,429,827 hereby incorporated by reference. Matmals 
having similar solnbility parameters reach thennodynamically equilibrinm when 
mixed and to the contrary, materials havmg dissimilar solubility parameters reach 
equilibrium when separated. 

10 In table 1 the solubility parameters are listed fori the polymeric substances used in 
conventional chewing gums and in biodegradable chewing gums. The solubility 
parameters listed are according to Hildebrand and Scoot i.e. based on cohesion 
energy density, which applies for nonpolar molecules and where the degree of 
hydrogen bonding is insignificant 

15 

TABLE 1 



Product 


6 (J/m3) 


Resin substitute (97DL-lactide/3CAP) 


22.7 


Elastomer substitute (LM) (60CAP/40TMC) 


21.1 


Elastomer substitute (HM) 
(60CAP/33VAL/7TMC) 


20.9 


pm 


16.0 


Butyl 


16.0 


PVA 


19.1 


Strawbeny flavor 


15.9 


Pqipemiint 


16.8 



Table 1: Solubility parameters of chewing gum components. 

20 

From Table 1 it can be se&i that A5 between flavor and biodegradable polymers 
versus flavor and conventional polymers for gum bases (Butyl, PIB and PVA) is 
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higher, indicating that flavors in tiie 100% biodegradable system tend to release 
&ster and in higher quantities. 

By combining biodegradable polymers with conventional gum base polymers as 
described in figure 6 and 7 it is possible to formulate systems having the desired 
5 properties obtained from the different polymers le. getting an instant release 
combined with a long lasting flavor release. 

EXAMPLE 18-20 

10 

Sensory profile of conventional and biodegradable chewing gum contianing add 



Ex 


Gum base 


Polymer 1 


Polymer 2 


Polymer 3 


Chewing gum 


18 


100 % 


Elastomer 


Elastomer 


Polymer 


Strawberry 




biodegradabl 


according to 


according to 


according to 


(no flavor added, L6 % 




e gum base 


example 3 


example 2b 


example 1 


acids added) 


19 


100 % 


Elastomer 


Elastomer 


Polymer 


Strawberry 




biodegradabl 


according to 


according to 


according to 


(no flavor added, 0.8 % 




e gum base 


example 3 


example 2b 


example 1 


acids added) 


20 


Standard 


Butyl mbber 


Polyisobuty 


PVA 


Strawberry 




conventional 


Mn =117.000 


lene 


Mn-5000 


(no flavor added, 1.6 % 




gum base 




Mn =30.000 




acids added) 



Strawberry refers to the formulations specified in example 5. Sorbitol is added m 
order to adjust to 100%. 



15 

The three chewing gum sanq)les were tested by serving thrai to the sensory panellists 
in tasting booths made in accordance wifli ISO 8598 standards at room tenq)erature 
in 40 ml tasteless plastic cups with randomised 3-figure codes. Test samples were 
evaluated every 10 seconds in 230 seconds. Between each sample tested, the 
20 panellist were allowed a break of 3 mmutes. Every test is repeated 
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Figure 10 is illustrating release of acids as a function of time. Ex. 20 being the 
conventional gum base system releases acids faster in the early initial phase and with 
a lower intensity compared to ex. 18 and ex. 19 being the biodegradable gum base 
systems containing acids. The release of acids in both ex. 18 and 19 are slower as a 
5 result of the higher storage modulus (G') of the biodegradable chewing gums in the 
very early initial phase (see figure 13) and it is obvious to recognize that reduction of 
acids in ex, 19 reduces the acid release con^arable. The higher storage modulus (G') 
of these samples makes it more difficult physically to incorporate saliva into the 
chewing gums. Lookmg at the total release of acids (area below the curves) it can be 
10 seen that ex. 18 releases more acids than ex. 20 due the more hydrophilic nature of 
the biodegradable chewing gum as more saliva is chewed into the chewing gum 
resulting in a higher total release of acids. 

15 EXAMPLE 21-22 



Chewing gum formulations used in ex. 23-63 



Ex 


Gimibase 


Polymer 1 


Polymer 2 


Polymer 3 


Chewing 
gum 


21 


Standard 

conventional 
gum base 


Butyl rubber 
Mn =117.000 


Polyisobutyle 
ne 

Mn =30.000 


Pol5^inylacet 
ate 

Mn=5000 


Mint 


22 


100% 

biodegradabl 
e gum base 


Elastomer 
according to 
example 3 


Elastomer 
according to 
example 2b 


Polymer 
according to 
example 1 


Mmt 


Mint refers to the formulations specii 


&ed in example S. 



20 

EXAMPLE 23-63 
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Sensory evaluation of conventioiial and biodegradable chemng gum containing 
different softeners 





Oum- 


bigredient added 


Taste 


Taste 


Taste 


Taste 


Ex. 


base 


to the chewing 


evaluation 


eval 


eval. 


eval. 




ex. 


gum fonnulation 


Sweetness 


Mint 


Cooling 


Jui(7 


23 


21 


standard 


2 


3 


2 


2 


24 


22 


l%wax 


4 


4 


2 


3 


25 


22 


3% wax 


3 


4 


2 


3 


26 


22 


1 % lecithin 


4 


3 


1 


3 


27 


22 


3% lecithin 


4 


4 


3 


4 


28 


22 


3% glycerol 


4 


3 


2 


4 


29 


22 


5% glycerol 


4 


3 


2 


4 


30 


22 


1%PGE 


4 


3 


2 


4 


31 


22 


3%PGB 


4 


3 


2 , 


4 


32 


22 


0,5% triacetin 


3 


3 


3 


. 3 


33 


22 


1 % triacetin 


3 


3 


2 


3 


34 


21 


l%wax 


2 


3 


2 


3 


35 


21 


3% wax 


3 


4 


3 


2 


36 


21 


1% lecithin 


2 


2 


1 


3 


37 


21 


3% lecithin 


3 


4 


4 


4 


38 


21 


3% glycerol 


2 


2 


1 


2 


39 


21 


5% glycerol 


3 


3 


2 


2 


40 


21 


1%PGB 


2 


3 


2 


2 


41 


21 


3%PGE 


4 


4 


3 


3 


42 


21 


0,5% triacetin 


2 


2 


1 


2 


43 


21 


1% triacetin 


3 


3 


2 


3 


44 


22 


Bio standard 


3 


2 


1 


3 


45 


22 


2% wax 


3 


3 


1 


3 


46 


22 


4% wax 


4 


3 


2 


4 
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47 


22 


2% fet 


3 


4 


2 


3 


48 


22 


3% fat 


3 


4 


2 


4 


49 


22 


4%fet 


3 


4 


2 


4 


50 


22 


5% fat 


3 


4 


3 


4 


51 


22 


3% wax 
1% lecithin 


3 


3 


2 


4 


52 


22 


3% wax 
2%leci&in 


3 


4 


2 


4 


53 


22 


3% wax 
3% glycerol 


3 


3 


3 


3 


54 


22 


3% wax 
l%ttiacetin 


3 


4 


3 


2 


55 


22 


3% wax 
1% lecithin 
1% glycerol 
1% triacetin 


4 


3 


2 


4 


56 


30% 
Talc 
70% 
ex.22 


3% wax 


4 


3 


2 

• 


2 


57 


22 


12% talc 
1% triacetin 


4 


3 


3 


4 


58 


22 


12% talc 
5% glycerol 


4 


3 


3 


4 


59 


22 


12% talc 

3% lecithin 


4 


3 


4 


3 


60 


22 


12% talc 
4% wax 


4 


3 


2 


4 


61 


22 


12% talc 
5%mono-di 


3 


3 


2 


4 


62 


22 


12% talc 
l%triacetine 


4 


3 


2 


4 
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1% glycerol 

1% lecithin 










63 


22 


12% talc 
4% fat 


4 


3 


2 


4 



Table 2: Sensory evaluation of conventional and biodegradable chewing gum 
containing different softens 



5 In table 2 a number of foraiulations are evaluated according to sweetness, 
peppermint, cooling and juiciness, Ex. 23 and 44 are formulations based on 
conventional gum base polymers and biodegradable gum base polymers, 
respectively. Ex. 44 is evaluated to be the most sweet and juicy of the two. Adding 
different types of softeners to the two (ex. 23 and ex. 44) is resulting in chewing 

10 gums with increased juiciness and sweetness - i.e. system are reacting in the same 
maimer on the addition of softeners, however the biodegradable systems are 
evaluated to be more juicy and sweet. Sweetener being a water soluble ingredient is 
released faster in the more hydrophilic biodegradable gum base system conipared to 
the more hydrophobic conventional gum base system, as saliva is transported faster 

15 into the hydrophilic system dissolving the sweetener. 

EXAMPLE 64-65 



20 Release of nicotine from conventional medical chewing gum formulation 
compared to an improved biodegradable medical chewing gam formulation. 



Ex 


Gum base 


Polymer 1 


Polymer 2 


Polymer 3 


Chewing 
gum 


64 


Conventional 


10% 


20% 


45% 


Nicotine 




medical gum 


Butyl rubber 


Polyisobutylene 


Polyvinylacetate 






base 


Mn =117.000 


Mh =30.000 


Mn=500d 

and natural resins 
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65 


Improved 


10% 


20% 


45% 


Nicotine 




biodegradable 


Butyl rubber 


Polyisobutylene 


Polymer 






medical gum 


Mn =117.000 


Mn =30.000 


according to 






base 






example 1 





In ex. 64 and 65 conventional medical gum base formulaidon and biodegradable 
medical gum base formulation were mixed in a one step. Chewing gum was 
formulated with 2 mg nicotine. The release of nicotine was measured by in vivo. 

5 

In vivo release of chewing gums are evaluated according to following scale: 



Level 


Description 


Level of nicotine 


1 


good 


nothing 


2 


good, but 


very weak 


3 


acceptable 


"perceptible"- tolerably 


4 


tmacceptable 


strong, unpleasant, difficult 
to tolerate 


5 


totally unacceptable 


to strong, -cannot tolerate 



Figure 11 and 12 shows the release of nicotine, texture and taste measured in vivo 
10 and. It appears that the release of nicotine of the chewing gums made in accordance 
with the present mvention are matching each other, making the biodegradable 
medical formulation suitable for medical applications. 

EXAMPLE 66 

15 

Chewing profiles 

Figure 13 and 14 are illustrating rheological chewing profiles of the chewing gum 
corresponding to example 1 l-14.The gum centres were chewed in a chewing 
20 machine (CF Jansson). The chewing ftequency was set to 1 Hz, a pH buffer was used 
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as saliva and the temperature was set at 37°C. The chewing time was set to 15 
seconds, 30 seconds, 60 seconds and 120 seconds. After chewing, tiie chewed cud 
was measured on a rheometer, type ARIOOO fix>m TA Instruments in a frequency 
scan. The results from these measurements can be seen on figure 13 and 14 wherein 
5 the storage modulus (G') and tan(5 ) versus chewing time is depicted illustrating the 
texture changes during chewing. 



It appears clearly of the in figure 13 and 14, that all the chewmg gumis containing 
biodegradable polymers (ex. 12-14) are having textures comparable to ttiat of 

1 0 conventional chewing gum in ex* 1 1 . However regarding the initial chew the 

biodegradable chewing gums are harder due to better attraction between the phases 
consisting of the sweetener and the more hydrophilic biodegradable gum bases 
compared to the attraction between the phases consisting of the sweetener and the 
more hydrophobic conventional gum bases. But within very short chewing time (less 

15 that 15 seconds) the texture of the biodegradable chewing gums becomes softer, as 
saliva is incorporated into the gimi. 

Actually, the texture of the chewing gums containing biodegradable polymers has an 
improved texture, as the texture described by G'and tan(5 ) is more uniform as a 
function of time (after 15 seconds, of chewing). 



20 



